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ABSTRACT 

I n  a r e c e n t  assessment of t h e  geothermal 
p o t e n t i a l  o f  t h e  Wilbur Mining District, i t  was 
estimated t h a t  a thermal b r i n e  a t  about  150OC is 
present  a t  depths  less than 3 km. The Na-K-Ca 
geothermometer a p p l i e d  t o  t h e  four  major s p r i n g  
groups i n  t h i s  area g i v e s  temperatures  ranging 
from 220 t o  240%. 
geothermometer g i v e s  i n c o n s i s t e n t  temperatures  
suggest ing t h a t  Mg e n t e r s  t he  water during its 
passage from t h e  r e s e r v o i r  t o  t he  sur face .  For 
t h i s  reason t h e  Mg c o r r e c t i o n  is not  considered 
appropr ia te  and the  f l u i d s  are es t imated  t o  have 
or ig ina ted  a t  23OOC. From t h e  CH4, H2S, and 
C02 concent ra t ions  i n  t he  s p r i n g  gases a t  Wilbur 
Hot Spr ings  and from equat ions  devised pr imar i ly  
f o r  use i n  steam wells, r e s e r v o i r  temperatures  
from 227O t o  242OC are ca lcu la ted .  

The magnesium cor rec ted  

INTRODUCTION 

White (1957) suggested t h a t  connate  water 
u n d e r l i e s  the Wilbur Mining Distr ic t  and tha t  t h i s  
water is affected by low-grade metamorphism of  

deep rocks.  
thermal water composition of  t h e  four  a c t i v e  
s p r i n g s  i n  t h e  Wilbur Mining District: 
Spring,  Jones '  Fountain o f  L i f e ,  Blanck's Spring,  
and t h e  Elg in  Mine spr ings .  
Mine s p r i n g s  i s s u e  from the  topographic  low (see 
Fig.  1)  of  Sulphur Creek. J. M. Donnelly ( o r a l  
communication, 1979) has  mapped a d ike  of  1.6-m.y. 
a n d e s i t i c  basalt I n  t h e  v i c i n i t y  of  Wilbur Hot 
Springs.  T h i s  a n d e s i t i c  basalt is undoubtedly t o o  
o l d  t o  be t h e  p r e s e n t  day heat source f o r  t h e  
s p r i n g s  i n  t h e  Wilbur Mining District, but  it may 
i n d i c a t e  that  m a g m a  o r  h o t  rock is still p r e s e n t  
under t h e  Wilbur Mining District. 

T h i s  could g i v e  rise t o  t h e  p e c u l i a r  

Wilbur Hot 

A l l  bu t  t h e  Elg in  

GEOTHERMOMETRY COMPARISONS 

I n  1968 a geothermal well, Wilbur # l ,  was 
d r i l l e d  t o  a depth of 1300 m approximately 1 km 
southwest of Wilbur Hot Spr ings ,  o u t s i d e  of  t h e  
major thermal a c t i v i t y .  White and o t h e r s  (1973) 
repor ted  t h a t  t h i s  well e rupted  water a t  l400C. 
A chemical a n a l y s i s  by Sunoco Energy Development 
Company of  t h e  well water (Table 1 )  repor ted  
4 4 , 4 0 0  mg/L C 1 ,  1500 mg/L higher than  t h a t  
reported i n  White and o t h e r s  (1973). Compared 

Figure I Generalized map o f  t h e  Wilbur Mining District,  Calif.  

olowatlon In f o o t  
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Table 1. Averaged concent ra t ions  f o r  s p r i n g  and well water 
i n  t h e  Wilbur mining dis t r ic t1  

________ ~~ ~~ ~ 

Jones ' Wilbur # 1 
Wilbur Fountain of  Blanck's Elg in  Mine Geothermal Meteoric  

Hot Spring Life Spring Spr ings  well water 

T OC 
PH 

s i 0 2  
A 1  
Fe 
Mn 
Ca 

S r  
Ba 
Na 
K 
L i  

Mg 

"4 

HCO3 
co3 
so4 c1 
F 
B r  
I 
B 
H2S 

Na-K-Ca 
Mg c o r r  Na-K-Ca 

Si02 Adiabatic 
Conductive 

52 
7.5 

176 
1.8 
0.17 
0.04 
2.5 

45 
3.6 
3.1 

8700 
408 

294 

69 00 

356(4) 
9980 

19 
12 

233 
165 

2 36 
84 

218 

11.6 

--- 

2.4 

- -1 

60 
7 -7 

89 --- 
0.35 
0.05 
2.6 

1.6 
31 

3 -0 
9880 

432 

120 

5740 

71 
11,700 

34 
23 

240 

10.7 

3.5 

--1 

232 
118 

--- 
223 

42 
7.8 

124 --- 
0.19 
0.05 
3.5 

1.4 
69 

1.5 
7220 

360 

125 

6390 

180 
8050 

24 
18 

150 

6.9 

-_ - 

2.3 

0- 0 

232 
46 

198 
-I- 

61 

198 - 0- 

0.17 
1 .o 
4.8 

3 - 7  
28 

--- 
9330 

540 
11 

24 3 

7270 

86 
11,550 

30 
25 

240 
170 

244 
148 

208 

--- 

3.2 

--I 

140 
8.8 

133 
-00 -- - 
--o 

1 
2 --_ --- 

lo ,000 
440 

27 5 

5170 
1170 
26 3 

14,400 
16 

--_ 

--- _-- 
148 

244 
24 3 

-- - 
20 1 

lAnalyses i n  mg/L 

t o  Wilbur Hot Spr ings  (see Table 1) Wilbur I 1  
geothermal well conta ins  ( 1 )  a higher c h l o r i d e  
content  (14,400 vs.  10,000 m g / L ) ,  (2)  a lower 
s u l f a t e  conten t  (260 vs. 360 mg/L) and (3) a much 
lower magnesium content  ( 2  vs. 45 m g / L ) .  

The magnesium cor rec ted  Na-K-Ca geothermometer 
(Fournier  and P o t t e r ,  1978) i n d i c a t e s  temperatures  
ranging from 40 t o  160OC. However, because the  
country rock around Wilbur Hot S p r i n g s  is 
princi,?ally s e r p e n t i n i t e ,  t h e  high magnesium i n  
WilbuF Hot Spr ing  is probably due t o  s e r p e n t i n e  
d isso lu t ion .  The uncorrected Na-K-Ca (Fournier  
and Truesde l l ,  1973) temperatures ,  which range 
from 220 t o  248OC, may be more reasonable .  
Water from Wilbur # 1 geothermal well has a 
Na-K-Ca temperature  of 244OC (Table 1) and very 
l i t t l e  magnesium; a c o r r e c t i o n  o f  on ly  1% is 
ca lcu la ted .  

Due t o  p o s s i b l e  si l ica a d d i t i o n  from 
s e r p e n t i n e  d i s s o l u t i o n ,  s e v e r e  d i f f i c u l t i e s  are 
encountered when using d isso lved  s i l i ca  

concent ra t ion  i n  e s t i m a t i n g  thermal r e s e r v o i r  
temperatures.  The d i f f i c u l t i e s  i n c l u d e  t h e  
following: (1) t h e  s i l i ca  may have already 
polymerized o r  p r e c i p i t a t e d  so t ha t  direct 
a p p l i c a t i o n  of the  s i l i ca  geothermometer (Fournier  
and Roue, 1966) w i l l  i n d i c a t e  a low r e s e r v o i r  
temperature;  ( 2 )  t he  thermal water is probably 
mixed wi th  d i l u t e  meteor ic  water g i v i n g  rise t o  
t h e  observed s p r i n g  water compositions and 
temperatures;  and (3)  t h e . d i l u t i n g  water o r  t h e  
warm mixed water may c o n t a i n  some s i l i ca  
o r i g i n a t i n g  from low-temperature s e r p e n t i n e  
d isso lu t ion .  For comparison, t he  conductive and 
adiabatic ( w i t h  assumed subsur face  steam l o s s  a t  
1OOOC) silica-mixing-model temperatures  
( T r u e s d e l l  and Fournier ,  1977) of t h e  warm s p r i n g s  
are shown i n  Table  1. Despi te  a l l  of t he  p o s s i b l e  
problems us ing  s i l i ca  concent ra t ions  i n  s p r i n g s  
from t h i s  area, t h e  adiabatic mixed-water 
temperatures are i n  moderate t o  good agreement 
wi th  t h e  Na-K-Ca temperatures .  
ind ica ted  t h a t  si l ica r e e q u i l i b r a t i o n  is more 
l i k e l y  t o  occur than  Na-K-Ca r e e q u i l i b r a t i o n .  

Fournier  (1979)' 

The 
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s i l i ca  concent ra t ion  i n  a water sample from Wilbur 
#1 geothermal well is below t h a t  expected i n  a 
2200 t o  2400C water; however, i t  may be i n  
approximate equi l ibr ium wi th  q u a r t z  a t  150% or 
chalcedony a t  l 3 O O C  (Truesde l l ,  1976). The 
q u a r t z  equi l ibr ium temperatures  a t  150OC and t h e  
Na-K-Ca equi l ibr ium temperatures  a t  230OC i n  
Wilbur I 1  2re i n f e r r e d  t o  r e p r e s e n t  high i n i t i a l  
water temperature (230OC) and slow rate o f  water 
movement. Ult imately,  l i t t l e  confidence can be 
placed i n  t h e  temperatures  estimated from t h e  
d isso lved  s i l i ca  concent ra t ions  of  t he  s p r i n g s  
because of  t h e  numerous p o s s i b l e  complications.  

I n  an at tempt  t o  c a l c u l a t e  a t h i r d  independent 
r e s e r v o i r  temperature ,  g a s  samples were c o l l e c t e d  
and analyzed. Franco D'Amore and A. H. Truesde l l  
( w r i t t e n  communication, 1979) have devised a 
system of equat ions f o r  geothermal steam wells 
which q u a n t i t a t i v e l y  relate the  concent ra t ions  of  
CH4 and C02 and of  H2S and C02 measured a t  
t h e  s u r f a c e  t o  t h e  temperature  i n  t h e  producing 
zone. Using t h e i r  equat ions  the  r e s e r v o i r  
temperatures  i n  Table  2 were c a l c u l a t e d  f o r  Wilbur 
Hot Springs.  These temperatures  are i n  e x c e l l e n t  
agreement with the uncorrected Na-K-Ca 
temperatures  from the  s p r i n g  waters. 

Wilbur #1 geothermal well. T h i s  water then mixes 
w i t h  cold meteoric  water i n  d i f f e r e n t  propor t ions  
producing t h e  var ious  s p r i n g  water compositions.  
T h i s  model is not  favored because it r e q u i r e s  
three d i f f e r e n t  water types. Present ly ,  t h e  time 
a t  which t h e  magnesium e n t e r s  t h e  system cannot be 
determined. 
probably arises from oxida t ion  of  H2S i n  t h e  
near  s u r f a c e  region. 

The a d d i t i o n a l  s u l f a t e  ( 1  15 mg/L) 

CONCLUSIONS 

The b r i n e  i n  t h e  Wilbur #1 geothermal well 
r e s u l t  from the  mixing of deep thermal water of  
unknown composition a t  a temperature near  23OoC 
and connate water such as t h a t  descr ibed by White 
and o t h e r s  (1973). A l t e r n a t i v e l y ,  t h e  connate 
water may have been heated t o  near  23OoC and 
then mixed with meteoric  water i n  propor t ions  of 
2:l  o r  3: l .  This  d i l u t i n g  meteoric  water may 
conta in  as much as 180 mg/L Mg. T h i s  mixed water 
may then  slowly rise t o  t h e  s u r f a c e  without  
apprec iab le  res idence  i n  a l a r g e  r e s e r v o i r  where 
Na-K-Ca r e e q u i l i b r a t i o n  could occur.  The depth t o  
t h e  23OOC water is unknown. 
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24 2 OC 237OC 227OC 
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